The use of automotive air conditioning (AAC) nowadays is essential because of the hot climate and global warming. The AAC increases the overall fuel consumption in order to cool down the car cabin, hence releases more CO 2 into the atmosphere. Nanotechnology can be implemented into the lubricant of the AAC compressor which can aid in reducing the power consumption. Therefore, this paper investigates the effect of SiO 2 /PAG nanolubricants on the AAC performance and energy saving. The SiO 2 /PAG nanolubricants were prepared using the two-step method. The sedimentation observation and UV-Vis spectrophotometer evaluation confirmed the stability of the nanolubricants. The tribology analysis revealed the coefficient of friction of SiO 2 /PAG nanolubricants better than the original PAG lubricants. The performance parameters and power consumption (energy saving) of AAC system using SiO 2 /PAG nanolubricants were compared with PAG lubricants. The condenser pressure and the pressure ratio of the AAC system decreased by an average of 10.8% and 5.6%, respectively. The volumetric heat absorb increased up to 3% and the coefficient of performance increased by an average of 21%. The compressor work and power consumption of the AAC system reduced by 16.5% and 4%, respectively. As a conclusion, it was recommended to use 0.05% volume concentration of SiO 2 /PAG nanolubricants in AAC compressor for optimum system performance and energy saving.
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Introduction
The world product market trend is currently directed to a more efficient, energy saving and greener technology for the environment especially for transportation sectors. With the increasing demand to produce vehicles with more energy efficiency, the manufacturers are focused more on the electric-assisted engines such as hybrid cars, electric (HEVs), plug-in hybrids (PHEVs), fuel cell and cars powered by small capacity engines with a turbocharger technology [1] . The automotive air conditioning (AAC) system uses high measures of energy from the total load of an engine. The usage of automotive air conditioning (AAC) nowadays is increasing due to the increasing number of vehicles [2] and the rise of the global ambient temperature which is contributed by many factors [3, 4] . Although many improvements and optimization have been studied by various researchers, the AAC system is still unable to cope with current demands to save energy. Nowadays, nanofluids have been widely used in thermal fluid systems to improve the thermal conductivity and heat transfer performance, including the cooling system and lubrication system [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The first attempt is to provide an improvement of a thermal fluid system with the use of Al 2 O 3 nanoparticles in a water base [15] .
Currently, researchers have explored the possibilities of the present vapour compression systems such as AAC to be improved by using nanotechnology [16] . There are two ways in utilizing nanotechnology in the AAC system. The first method is by dispersing the nanoparticles directly into the refrigerant. Meanwhile, the second technique is the dispersion of nanoparticles into the lubricant. Some researchers declared both methods as nanorefrigerants.
However, some researchers termed the two methods with different names. The product from the first method is called nanorefrigerants while the product from second method is referred as nanolubricants. In the present work, the second method of dispersing the nanoparticles into the lubricant of the AAC compressor is preferable. The main idea of using nanolubricants is to improve the efficiency of the AAC system and consequently can reduce the energy consumption to the system. There are several advantages of using nanolubricants in the AAC system. The nanoparticles can enhance the thermal properties of nanolubricants, better tribology performance and improve the refrigerant-lubricant mixture [17] .
Ahmadi et al. [18] tested the effectiveness of nanolubricants with the use of CNT as an additive. They found that the properties of nanolubricants showed a significant improvement. The thermal conductivity and the flash point of the nanolubricants increased by 13.2% and 6.7%, respectively, for 0.1% mass concentration [18] . Redhwan et al. [19] measured the thermo-physical properties of Al 2 O 3 nanoparticles dispersed in PAG lubricant. They observed the enhancement of thermal conductivity and the viscosity ratio for up to 1.04 and 7.58, respectively. Meanwhile, the nanolubricants also performed with better tribology properties. The improvement in tribology characteristic of nanolubricants is important in reducing the work required by the compressor to run the system, consequently improving the COP and energy saving properties in the system. Sayuti et al. [20] observed the minimum tool wear with better surface roughness when using 0.5% mass concentration of SiO 2 nanolubricants. In another paper, Wan et al. [21] examined the surface topography and surface roughness by using MoS 2 nanoparticles in vegetable oils. They concluded that the friction roughness of the pin surface was diminished. In addition, the pin surface was observed to be smoother by using the optimum concentration of nanolubricants [21] .
The refrigerant-lubricant mixture is an important characteristic in vapour compression systems. The lubricants with enhanced miscibility will perform better for refrigerant-lubricant mixture and contribute to a better oil return ratio in an air conditioning system. Wang et al. [22] showed that the POE oil with TiO 2 nanoparticle used as additives enhanced the miscibility of the R134a refrigerant-lubricant mixture. In another paper, Bi et al. [23] studied the application of the nanoparticle effects on the vapour compression system. They revealed that the addition of nanoparticles enhanced the oil return ratio to help in lubrication and save energy for up to 26%. In addition, Peng et al. [24] reported that the nucleate pool boiling heat transfer coefficient increased for up to 63.4% with the use of diamond nanoparticles in R113/oil mixture. Kumar et al. [25] conducted an experiment for AAC system using a hermetic compressor. They reported an improvement with heat transfer. The sub-cooling of the condenser improved by 3°C and less time is required for freezing. In another experiment, the heat transfer performance was enhanced up to 129% with the low concentration of R134a/nanolubricants and better than R134a/polyolester [26] .
The improvement in heat transfer properties, tribology and refrigerant-lubricants mixture may lead to the variation in pressure characteristics of the system and compressor. Fujimoto et al. [27] studied the effects of tribology characteristics on the working pressure parameter. A vapour compression system at different working pressure provided variations of the compression work and to the power consumption, accordingly [28] . In general, the AAC system needs to operate with minimum working pressure or smallest pressure ratio for considerable cooling performance thus to reduce the power consumption of the system. Even though many studies were done on refrigeration system performances by employing nanoparticles, conversely research on AAC system performances by dispersing nanoparticles is still lacking in number, if any. Exhaustive research found no matches related to nanoparticles in AAC systems. Nevertheless, Kumar and Elansezhian [29] studied the refrigeration system performance by employing Al 2 O 3 nanoparticles dispersed in the polyalkylene glycol (PAG) lubricant. Their study is comparable to the AAC system because of the use of PAG lubricants. They observed the reduction in energy consumption with 0.2% volume concentration of Al 2 O 3 /PAG nanolubricants. In another paper, Kumar and Elansezhian [30] continued their investigation by dispersing ZnO nanoparticles into PAG lubricant. Refrigerant of R152a was used to replace R134a. They found less energy consumption with 0.5% volume concentration of ZnO/PAG nanolubricants. Therefore, the objective of this work is to analyse the effects of low volume concentration of SiO 2 /PAG nanolubricants to reduce the power consumption of the AAC system. The best method to prepare the most stable SiO 2 / PAG nanolubricants was developed and thoroughly analysed. The advantage of SiO 2 /PAG nanolubricants on the AAC performance and energy saving was evaluated experimentally.
Methodology
Materials and preparation of nanolubricants
The nanolubricants were prepared by dispersing the SiO 2 nanoparticles into the PAG lubricants. The average size of the SiO 2 nanoparticles is 30 nm with spherical shape and 99.9% purity. In the present study, the SiO 2 nanopowder was obtained from Beijing DK Nanotechnology. The thermo-physical properties of the SiO 2 nanoparticle are listed in Table 1 [6, 31, 32] . Figure 1a shows the FESEM image of SiO 2 nanoparticles in the dry powder form with 190,0009 magnification. The figure confirmed that the average size of SiO 2 nanoparticles is 30 nm and a nearly spherical shape. The PAG lubricant is typically employed in the AAC system, and it was recommended by the manufacturer for most AAC compressors. Hence, the PAG lubricant was used in the present AAC test setup experimental evaluation. The PAG lubricant was supplied by Denso Corporation. The thermo-physical properties of the PAG 46 lubricant at atmospheric pressure are shown in Table 2 [33, 34] .
The SiO 2 /PAG nanolubricants are formulated using the two-step method of preparation. The SiO 2 nanoparticles were mixed into the PAG lubricants using a magnetic stirrer for 1 h. Thereafter, the suspended nanoparticles in PAG lubricants are further stabilized with high-frequency ultrasonic vibrations for up to 2 h. The purpose of the sonication stage is to break the agglomeration and provide uniform nanoparticle dispersion. A similar method was also used in the previous experimental work for preparation nanolubricants [19, 32] . Subsequently, the TEM image of SiO 2 /PAG nanolubricants in the liquid form with 88,0009 magnification is shown in Fig. 1b . The figure shows the suspended SiO 2 nanoparticles in PAG lubricants. Similar FESEM and TEM image observation confirmed the size and spherical shape of the nanoparticles. In addition, the same size of nanoparticles in Fig. 1 reflected the dispersion condition of nanolubricants, which is rather good with less agglomeration. The confirmation of stable conditions is highly important as one of the main considerations during the preparation stage. The stable condition will influence the properties of SiO 2 /PAG nanolubricants and consequently their operations in the AAC system. The qualitative and quantitative studies were implemented to assess the stability of the SiO 2 /PAG nanolubricants. The qualitative studies were performed by taking FESEM/TEM micrograph images shown in Fig. 1 and through visual sedimentation observation. For the quantitative study, the 
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Tribology measurement
Any lubricants in mechanical systems with a good tribology characteristic will minimize the wear and friction, thus it is able to reduce the power consumption. The effect of suspended nanoparticles in SiO 2 /PAG nanolubricants on the tribology characteristic was observed by using piston ring-liner contact tester. The tribology evaluation was performed in accordance with ASTM G181-11 standard. The tribology characteristic was measured by determining the coefficient of friction (COF) of the samples. The piston ring-liner contact tester was operated by creating a linear movement with a pair of cylinder piston ring. The diagram of the tribology test setup is shown in Fig. 2a . The specimen for tribology measurement used similar materials of the AAC compressor, and it was tested under operating lubricated conditions. The test specimen was prepared by using an aluminium plate of high grade, AL2024 which is commonly used for AAC compressors. The surface of the specimen was machined and polished using a red cloth sheet of sandpaper before the tribology test. In the piston ring-liner contact tester, the normal load was held vertically against the reciprocating piston ring while rubbing the sample to produce the desired load. Two kilograms of load was used in the experiment with a constant rotational speed of 200 RPM. The COF of the sample was assessed using the ARDUINO software. An average COF for 2-min data reading for each sample was acquired from the software for final evaluation. The detailed steps and procedures for the present tribology test were elaborated in the previous work [35] .
Experimental
The present experimental setup of the AAC system contained a piston type compressor typically for a compact vehicle, multichannel type of evaporator and condenser, and an expansion valve. The evaporator was immersed into calorimetric insulated water containing 60 L heated water to act as heat load to the evaporator. The cooling capacities and the refrigeration mass flow rates were measured by computing the difference between the water inlet and outlet enthalpy in accordance with the standard of ASHRAE Standard 41.9-2000. The 0.7 kW compressor is driven by a 2.2 kW, 3-phase electrical motor and integrated with a frequency inverter. The function of the frequency inverter is to control and vary the motor rotational speed. The main parts of the test setup were designed from the original components of an AAC system. It was arranged carefully to replicate the original AAC system in the actual compact vehicle. K-type thermocouples with an accuracy of ± 0.1°C were used in the experiment to measure the temperature and AAC performance at various points of refrigeration cycle. In addition, two pressure transducers were utilized to measure the gauge pressures for the high side and low side of the AAC system. The power consumption of the AAC system was monitored and measured using 3-phase power analysers by Lutron DW-6092. The standard calibration process was performed on all devices in the present study. The devices were confirmed to function perfectly. The schematic diagram of the AAC test setup is shown in Fig. 2b . The initial refrigerant charge was measured by utilizing a mass scale in grams. The initial refrigerant charge, m RC was set from 95 to 125 g. The optimum refrigerant charge for the present AAC test setup was attained at 115 g [36, 37] , which was established from previously published work and used the same experimental test setup. Finally, the room temperature and air humidity are monitored and controlled between 24 and 25°C and 50-60%, respectively, throughout the experimental work. The AAC test setup, instrumentation or measurement, optimum refrigerant charge test, control room requirements and experimental procedures were performed by following the SAE J2765 standard, which is a standard method for performance testing of mobile air conditioning systems.
AAC performance analysis
In the present analysis, the vapour compression refrigeration cycle was assumed with no pressure drops in the condenser, evaporator, and in all refrigerant lines of the AAC system test setup. Hence, the condenser and evaporator pressures were assumed to be equivalent to the discharge and suction pressures given by the pressure gauge. Figure 3 shows the T-s diagram of an actual vapour compression refrigeration cycle. In this experiment, data for temperatures and pressures were collected using the ADAM View data acquisition software. Each set of experimental work was repeated three times to ensure the reliability and consistency of the data. Initially, the test setup of AAC system was running continuously for 20 min to attain a steady-state condition. Then, the experimental data were recorded by using the data acquisition system for T6   T11  T10  T9   T7   P2   P1   T3   T4   T8   T2  T1   T5 (b)
another 10 min. The data for pressures and temperatures were required for determination of the enthalpy. The enthalpy was extracted from the properties table at each point locations (the pressures and temperatures are known parameters from the experiment). The enthalpies were used to calculate the heat absorb (Q L ), volumetric heat absorb (V L ), compressor work (W in ) and coefficient of performance (COP) given by Eqs. (1), (2), (3) and (4), respectively.
Uncertainty and consistency analysis
The data from the thermocouples, pressure gauges, water flowmeters, weighing scales, and tachometers were recorded simultaneously during the experimental work. The uncertainties for each parameter in the present experimental work are summarized in Table 3 . The measurement error analysis has been utilized to ensure the reliability of the data measurement from the experiment. The consistency analysis was calculated based on the percentage of relative standard error (RSE) and given by Eq. (5).
The percentage of relative standard errors for heat absorb (Q L ), compressor work (W in ), coefficient of performance (COP), mass flow rate ( _ m r ) and cooling capacity ( _ Q L ) are shown in Table 4 . The experiments were repeated three times to get the average percentage of RSE. Based on the percentage of RSE analysis for the present experimental data, Table 4 presents the consistency evaluation with an error of less than 1.2%.
Results and discussion
Stability observation of nanolubricants
The stability of nanolubricant is important to affirm the best performance in the AAC system and to avoid system problems after long runs such as clogging or sedimentation. The nanoparticle dispersion condition was observed visually for a month after preparation. Figure 4 presents the qualitative stability observation of SiO 2 /PAG nanolubricants at different volume concentrations. The visual sedimentation observation was observed from the first day of preparation to 30 days after preparation. From the figure, it was clearly seen that the minimum sedimentation appears in the samples within a month. After 30 days of preparation, there are no apparent changes of colour with a small clear layer at the top of the samples. The two layers are signifying less sedimentation had occurred in the particular samples.
The outcome of the visual sedimentation was further validated by using quantitative stability study. As suggested by Ghadimi [38] , there are three steps to examine the stability of corresponding nanolubricants using UV-Vis spectrophotometer evaluation. The evaluation started with the investigation of the peak absorbance of nanolubricants at respective volume concentrations for different wavelengths from 200 to 900 nm. Figure 5a presents the absorbance variation for different wavelengths and the figure provides the peak absorbance for the SiO 2 /PAG nanolubricants. The peak absorbance occurred at 313 nm wavelengths for both volume concentrations of 0.2 and 0.7%. Then, the analysis was continued with the confirmation of linear relation between the absorbance and the volume concentrations of nanolubricants according to the Beer-Lambert relation [39] [40] [41] . Figure 5b highlights the relation between the absorbance with the volume concentration of nanolubricants. The graph clearly confirmed that the absorbance of the nanolubricants linearly increased with volume concentrations. The volume concentration of nanolubricants is proportional to absorbance value and associated with the stability condition. Therefore, the absorbance ratio is equivalent to the concentration ratio according to the Beer-Lambert relation. In another study, researchers have found that the effectiveness of ultrasonic dispersion also depends on sonication time in parliamentary procedures to reduce the sedimentation rates [42] . Thus, a separate study was done to discover the optimum sonication time. Figure 6 provides the results for the concentration ratio (equivalent to absorbance ratio from UV-Vis spectrophotometer) over sedimentation time with the variation of sonication time. The data plotted in the figure indicate that the concentration ratio is decreasing with sedimentation time and strongly dependent on sonication time. The concentration ratio dropped to less than 20% within 2 weeks of UV-Vis evaluation for the sample without sonication. Interestingly, the stability of the samples with sonication process improved further as shown by the higher concentration ratios compared to the samples without sonication. The sample of 1.0 h shows deterioration of concentration ratios over sedimentation time. The sample was unable to maintain the concentration ratio over 50% for 2 weeks observation. Furthermore, the sample underwent 1.5 h sonication and shows a good mark of stability throughout the experiment. Unfortunately, the sample could not hold above 70% concentration ratio for more than 288 h (day 12). Eventually, the best or optimum sonication time for SiO 2 /PAG nanolubricants was attained at 2.0 h sonication time with more than 80% concentration ratio for 2 weeks evaluation. Energy saving in automotive air conditioning system performance using SiO 2 /PAG nanolubricants 1291
Coefficient of friction of nanolubricants
Various studies have been executed in order to investigate the effectiveness of nanolubricants to reduce the friction, wear and improve lubrication [36, 43] . Figure 7 shows the outcomes for the coefficient of friction (COF) of SiO 2 /PAG nanolubricants as a function of volume concentration. The COF of SiO 2 /PAG nanolubricants decreases with volume concentrations up to 0.3%. However, the nanolubricants performed higher COF than the PAG-based lubricant for volume concentrations of more than 0.3%. The low concentration of nanolubricants seems to display lesser significant viscosity compared to the high concentrations [19, 32] . If the relative viscosity of lubricant drastically increased, the COP and compression ratio will also increase. However, it will lessen the cooling capacity, and at the same time the shaft power input increased [44] . For the case of nanolubricants, when the COF is reduced, the lubrication system will perform better with less friction, wear and tear. When the wear and friction decreases, the life cycle component is prolonged. Subsequently, less power will be needed to run the system.
AAC performance with nanolubricants
The vapour compression system performance and energy efficiency are directly related to pressure and pressure ratio parameter of the compressor [45, 46] . Thus, the energy consumption is directly related to the operating pressure of the high side (condenser) and low side (evaporator) of AAC systems, which consists of a vapour compression system. Figure 8a Volume concentration, φ /% Fig. 7 The variation of coefficient of friction (COF) with volume concentration the refrigerant charge for both pure PAG and SiO 2 /PAG nanolubricants. The increment trend is due to the additional volume of the refrigerant for high charge in the system thus leading to the increase in the refrigerant flow rate. The condenser pressure significantly reduced by an average of 10.8% with the use of SiO 2 /PAG nanolubricants compared to the PAG lubricants as shown in Fig. 8a . The pressure reduction inside the condenser will decrease the saturation temperature [47] . Hence, less heat is needed to be released out from the condenser. In the AAC system, the reduction in high pressure in the condenser will decrease the compressor work due to smaller enthalpy differences between suction and discharge of the compressor. Thus, the reduction in power consumption will also happen with the decrease in condenser pressure for the same capacity in the system. Figure 8b shows the variation of compressor pressure ratios with the initial refrigerant charge. The ratio of mass of refrigerant drawn by the compressor from the evaporator to the mass of refrigerant left in the evaporator will increase the low refrigerant charge level [48] . Therefore, the evaporator pressure will be lower at low refrigerant charges. The lower evaporator pressure will affect the higher superheat of the system. This is due to the starved condition in the evaporator side. The compressor is required to have higher compression strokes due to the lesser refrigerant amount, thus increasing the compressor (pressure) ratio at the lower refrigerant charge as shown in Fig. 8b . In the graph, the pressure ratio is higher at lower refrigerant charge and decrease with the refrigerant charge because of the effect of evaporator pressure. A significant reduction in compressor ratio by average of 5.6% can be seen when using SiO 2 /PAG nanolubricants compared to PAG lubricants. This situation is favourable to the AAC systems due to the low compressor ratio, hence lessening the energy consumption.
The reduction in pressure in the system has a direct impact on the volumetric heat absorb which was defined as refrigerating effect or heat absorb over suction volume in the evaporator. Figure 9a presents the volumetric heat absorb for different initial refrigerant charges. The volumetric heat absorb decreases with addition of the refrigerant charge. This is because at the lower charge of refrigerant, the expansion valve and evaporator will undergo starved conditions, due to the lack of refrigerant. The superheat of the system will also increase, thus the heat absorb increase at low refrigerant charges. With the lower system pressure, the leakage at the compressor becomes minimum at the high side due to the low side pressure [49] . However, the SiO 2 /PAG nanolubricants improved the volumetric heat absorb for up to 3% at the same volume of compressor suction. The usage of the nanolubricants will also be able to enhance the capabilities of the system to absorb more heat from the refrigerated space of the AAC system. The reason is probably caused by the enhancement of the thermal conductivity of SiO 2 / PAG nanolubricants [19, 32] , hence improving the thermal and heat absorb performance of the nanolubricants. Figure 9b displays the effect of compressor work with different initial refrigerant charges. The compressor work is increased with the increment of compressor speed. Interestingly, the compressor work reduced significantly by 16.5% when utilizing the SiO 2 /PAG nanolubricants in the AAC system. The reduction in the compressor work is desirable as the compressor work is directly associated with the energy saving of the vapour compression systems. The reduction in the condenser pressure and the pressure ratio in Fig. 8 has improved the compressor work significantly. According to the law of thermodynamics, the Energy saving in automotive air conditioning system performance using SiO 2 /PAG nanolubricants 1293 compressor work was calculated by the difference of the heat release and heat absorb from the system of the refrigeration system. Therefore, the reduction in pressure contributes to compressor work because the enthalpy strongly depends on the pressure and temperature of the refrigerant.
The variation of coefficient of performance (COP) with different initial refrigerant charges is illustrated in Fig. 10 . From this figure, it can be observed that the COP increased with refrigerant charge for up to 115 g as the optimum refrigerant charge. Furthermore, the COP decreased with more addition of refrigerant charge into the AAC system. The COP of SiO 2 /PAG nanolubricants was 21% (in average) higher than the PAG lubricants. This enhancement was contributed by the effect of heat absorb and the compressor work as discussed in Fig. 9 . Similar observation also can be seen in the previous literature [30, 50, 51] .
AAC energy saving with nanolubricants
The variation of power consumption against the refrigerant charge is shown in Fig. 11a . The power consumption of the AAC system increased with the increment of refrigerant charge. The reason is probably due to the increase in mass flow rates with the addition of the refrigerant charge. The same trend can also be seen for different compressor speeds. Interestingly, Fig. 11a shows the reduction in power consumption (system energy saving) by 4% for all compressor speeds with the use of SiO 2 /PAG nanolubricants in the AAC system. The reason for the energy saving with SiO 2 /PAG nanolubricants is because less compressor work is involved as discussed in Fig. 9b and consequently increases the COP in Fig. 10 of the AAC system. Finally, Fig. 11b concludes the variation of power consumption of the AAC system with different volume concentrations of SiO 2 /PAG nanolubricants. The figure provides the power consumption of SiO 2 /PAG nanolubricants for 0.02-0.3% volume concentrations and the PAG lubricants denoted as 0% concentration. The low volume concentration of nanolubricants from 0.02 to 0.1% shows significant reduction in power consumption compared to PAG lubricants. This is because of the improvement of tribology characteristic in Fig. 7 and also the reduction in compressor work that helps towards energy saving. However, the SiO 2 /PAG nanolubricants with higher concentration from 0.1 to 0.3% volume concentration required more power consumption than PAG lubricants. This is because the viscosity of SiO 2 /PAG nanolubricants increased drastically at higher volume concentrations than 0.1% [19, 32] . Although the nanolubricants thermal properties performed better at high volume concentrations, extremely high relative viscosity of SiO 2 /PAG nanolubricants limits their application in the Initial refrigerant charge, m RC /g Fig. 10 Coefficient of performance against initial refrigerant charge AAC system for up to a certain extent of volume concentration only. Hence, an optimum volume concentration is important to maximize the performance of SiO 2 /PAG nanolubricants in the AAC system. In the present experimental work, the SiO 2 /PAG nanolubricants with 0.05% volume concentration attained maximum energy saving or lowest power consumption with the highest COP operating in the AAC system.
Conclusions
The present work investigates the effect of SiO 2 /PAG nanolubricants on the energy saving characteristic of the AAC system. Several conclusions were drawn from the results of the present experimental work:
I. The nanolubricants were formulated by the two-step method of preparation. The PAG lubricants and the SiO 2 nanoparticles were sonicated for 2 h to prepare the most stable SiO 2 /PAG nanolubricants. The stability of the nanolubricant was confirmed by visual sedimentation test and UV-Vis spectrophotometer evaluations. II. The tribology evaluation was carried out to investigate the coefficient of friction (COF) of the SiO 2 / PAG nanolubricants. The tribology test revealed that theSiO 2 /PAG nanolubricants at low volume concentrations of less than 0.3% showed better tribology characteristics with COF lower than PAG lubricants. III. The AAC system operating with SiO 2 /PAG nanolubricants shows a significant reduction in compressor ratio by average of 5.6% compared to PAG lubricants. In addition, the nanolubricants improved the volumetric heat absorb for up to 3%. The usage of the nanolubricants is able to enhance the capabilities of the system to absorb more heat from the refrigerated space of the AAC systems. IV. The compressor work reduced significantly for up to 16 .5% by utilizing the SiO 2 /PAG nanolubricants in the AAC system. The reduction in the compressor work is desirable as the compressor work is directly associated with the energy saving characteristic of the vapour compression system. V. The SiO 2 /PAG nanolubricants help in the improvement of the system performance and is simultaneously energy saving in the AAC system. The COP of nanolubricants was 21% higher than the PAG lubricants. The use of SiO 2 /PAG nanolubricants in the AAC system also reduced the power consumption by 4% for all compressor speeds and refrigerant charges. In the present work, it was recommended to utilize 0.05% volume concentration and attain the maximum energy saving or lowest power consumption with the highest COP operating in the AAC system. Energy saving in automotive air conditioning system performance using SiO 2 /PAG nanolubricants
